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MICROMOVER WITH MAGNETIC STORAGE MEDIUM 

Background of the Invention 
[0001] For decades, researchers have been trying to increase the storage density 
and reliability as well as reduce the cost of storage devices such as hard disk 
drives. 

[0002] Hard disk drives typically include one or more magnetic media attached 
to a spindle. A motor turns the spindle at high speeds to cause the media to 
move relative to one or more read and write heads. As a result, the read and 
write heads move rapidly across the media at a close distance and at a relatively 
high speed. The close distance and high speed cause the aerodynamics of the 
system to become design issues. 

[0003] The motor of a hard disk drive may require a relatively large amount of 
power to spin. In addition, any deviation from a set distance between the read 
and write heads and the media may cause a hard disk drive to malfunction or 
cause the read or write heads to collide with the media. Accordingly, the power 
consumption and the possibility of a physical malfunction associated with hard 
disk drives leave room for improvement. 

Summary of the Invention 
[0004] One exemplary embodiment of the present disclosure provides a storage 
device comprising a magnetic storage medium mounted in a first plane, a read 
and write mechanism mounted in a second plane that is parallel to the first plane 
and configured to write information to the magnetic storage medium, and a 
micromover configured to move the magnetic storage medium in a first direction 
parallel to the first plane find configured to move the magnetic storage medium 
in a second direction parallel to the first plane and perpendicular to the first 
direction. 

Brief Description of the Drawings 
[0005] Embodiments of the invention are better understood with reference to the 
following drawings. The elements of the drawings are not necessarily to scale 
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relative to each other. Like reference numerals designate corresponding similar 
parts. 

[0006] Figure 1 is a diagram illustrating an embodiment of storage device that 
includes a micromover. 

[0007] Figure 2 is a diagram illustrating selected portions of the embodiment of 
the storage device of Figure 1 . 

[0008] Figure 3a is a diagram illustrating a first embodiment of a magnetic 
storage medium. 

[0009] Figure 3b is a diagram illustrating a second embodiment of a magnetic 
storage medium. 

[0010] Figure 4a is a diagram illustrating a first embodiment of a read / write 
mechanism shown from a first perspective. 

[0011] Figure 4b is a diagram illustrating of a first embodiment of a read / write 
mechanism shown from a second perspective. 

[0012] Figure 5 is a diagram illustrating a second embodiment of a read / write 
mechanism. 

[0013] Figure 6 is a diagram illustrating an alternative embodiment of selected 
portions of the storage device of Figure 1. 

Detailed Description 
[0014] Figure 1 is a diagram illustrating an embodiment of storage device 100 
that includes a micromover 104. Storage device 100 includes a read / write 
mechanism array 102, micromover 104, and a casing (not shown in Figure 1) for 
housing read / write mechanism array 102 and micromover 104. 
[0015] Read / write mechanism array 102 includes a plurality of read / write 
mechanisms 106 mounted in a housing in a first plane in the casing. Read / 
write mechanisms 106 are arranged in rows and columns within read / write 
mechanism array 102. Read / write mechanisms 106 each include preamplifiers 
and other associated electronic circuitry configured to cause information to be 
read from and written to a magnetic storage medium. 

[0016] Micromover 104 is mounted in a housing in a second plane in the casing. 
The second plane is parallel to the first plane that includes read / write 
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mechanisms 106. Micromover 104 is configured to move a magnetic storage 
medium relative to read / write mechanism array 102. In particular, micromover 
104 moves the magnetic storage medium in directions that are parallel to the first 
plane that includes read / write mechanisms 106. 

[0017] Read / write mechanism array 102 is mounted in the casing in close 
proximity to the magnetic storage medium mounted in micromover 104. In one 
embodiment, read / write mechanism array 102 is mounted approximately 0.25 
microns or 1 micro-inch or less from the magnetic storage medium. 
[0018] Figure 2 illustrates additional details of micromover 104. In the 
embodiment shown in Figure 2, micromover 104 includes a magnetic storage 
medium 202, frame support elements 204, a frame 210, a first set of electrostatic 
movers 212a and 212b, frame support elements 216, a frame 220, and a second 
set of electrostatic movers 222a and 222b. 

[0019] Movers 212a and 212b move magnetic storage medium 202 in a first 
direction that is parallel to the first plane that includes read / write mechanisms 
106 as indicated by an arrow 214. Movers 222a and 222b move magnetic 
storage medium 202 in a second direction that is parallel to the first plane that 
includes read / write mechanisms 106 and perpendicular to the first direction as 
indicated by an arrow 224. 

[0020] By moving magnetic storage medium 202 relative to the first plane that 
includes read / write mechanisms 106, micromover 104 allows each read / write 
mechanisms 106 to read from and write to a designated storage area on magnetic 
storage medium 202. The storage areas form an array of storage areas on 
magnetic storage medium 202 such that each storage area is read to and written 
from a corresponding read / write mechanisms 106. Each storage area includes a 
number of storage locations. Each storage location is configured to store one bit 
of information. 

[0021] Figures 3a and 3b illustrate first and second embodiments of magnetic 
storage medium 200a and 200b. 

[0022] In Figure 3a, magnetic storage medium 200a includes a data layer 302 
and a magnetically soft layer 304 that are mounted on a substrate 306. Magnetic 
storage medium 200a comprises a perpendicular medium. A perpendicular 
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medium is a medium where a logic state, i.e., a logic one or a logic zero, of each 
storage location 308 is determined according the orientation of magnetization in 
the storage location 308 in a direction perpendicular to the plane of magnetic 
storage medium 200a. 

[0023] In Figure 3b, magnetic storage medium 200b includes a data layer 312 
mounted on a substrate 316. Magnetic storage medium 200a comprises a 
longitudinal medium. A longitudinal medium is a medium where a logic state, 
i.e., a logic one or a logic zero, of each storage location 318 is determined 
according the orientation of magnetization in the storage location 318 in a 
direction parallel to the plane of magnetic storage medium 200a. 
[0024] Figures 4a and 4b illustrate a first embodiment of read / write mechanism 
106 for use with the perpendicular magnetic storage medium 200a shown in 
Figure 3a. In this embodiment, read / write mechanism 106 includes read / write 
device 400. Read / write device 400 includes a write pole 402, a magnetic flux 
return pole 404, a coil 406 that produces magnetic flux in write pole 402 when 
energized, a read sensor 412, and a shield pair 414 and 415. 
[0025] To write information using read / write device 400, a directional current 
is applied to coil 406 to cause magnetic flux to flow across probe write head 402. 
Probe write head 402 causes information to be stored in data layer 302 according 
to the direction of the flux. The application of current to coil 406 in a one 
direction causes a first logic state to be stored in data layer 302, and the 
application of current to coil 406 in the other direction causes a second logic 
state to be stored in data layer 302. 

[0026] Read sensor 412 causes information to be read from data layer 302. 
Read sensor 412 may be a magnetoresistive (MR) sensor, a giant 
magnetoresistive (GMR) sensor, or a magnetic tunnel junction sensor. In a 
magnetoresistive sensor, the magnetic orientation in a sensing layer changes in 
response to the sensor passing over a magnetic bit in a medium. A giant 
magnetoresistive sensor includes multiple metallic layers such as a pinned layer, 
a free layer, and a spacer and detects changes in the magnetic orientation in the 
free layer in response to the sensor passing over a magnetic bit in a medium. 
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[0027] Shield 414 surrounds read sensor 412 as illustrated in Figure 4b that 
shows rows and columns of read / write devices 400 in read / write mechanism 
array 102. 

[0028] Figure 5 is a diagram illustrating a second embodiment of read / write 
mechanism 106 for use with the longitudinal magnetic storage medium 200b 
shown in Figure 3b. In this embodiment, read / write mechanism 106 includes 
read / write device 500. Read / write device 500 includes a longitudinal 
magnetic write head with two poles 502a and 502b, a read sensor 512, and a 
shield pair 514 and 515. 

[0029] To write information using read / write device 500, current is applied to 
the coil winding to generate a fringing field between the two poles 502a and 
502b to cause information to be written in data layer 312. Write head 502 causes 
information to be stored in data layer 312 according to the polarity of the 
fringing field. One polarity causes a first logic state to be stored in data layer 
312, and the other polarity causes a second logic state to be stored in data layer 
312. 

[0030] Read sensor 512 causes information to be read from data layer 312. 
Read sensor 512 may be a magnetoresistive (MR) sensor, a giant 
magnetoresistive (GMR) sensor, or a magnetic tunnel junction sensor. 
[0031] Read sensor 512 is sandwiched in between the two shields 514 and 515 
as illustrated in Figure 5 which shows rows and columns of read / write devices 
500 in read / write mechanism array 102. 

[0032] Figure 6 is a diagram illustrating an alternative embodiment of selected 
portions of the storage device of Figure 1. In the embodiment of Figure 6, read / 
write mechanisms 106 are each coupled to one end of a cantilever 602. The 
other end of each cantilever is coupled to the housing of read / write mechanism 
array 102. Each cantilever 602 is operable to adjust the distance between its 
corresponding read / write mechanism 106 and magnetic storage medium 200. 
[0033] In other embodiments, read / write mechanism array 102 is mounted in a 
first plane with micromover 104 and magnetic storage medium 200 is mounted 
in a second plane that is parallel to and in close proximity to the first plane. In 
these embodiments, micromover 104 moves the read / write mechanism array 
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102 relative to magnetic storage medium 200 similar to the embodiments 
described above. 

[0034] The above embodiments may offer advantages over previous storage 
devices. For instance, high storage densities may be achieved because of the 
relatively small bit size on both perpendicular and longitudinal magnetic storage 
media. In addition, the embodiments may offer increase reliability because no or 
relatively little aerodynamics may be involved with micromovers. Further, 
micromovers may consume less power than components of previous storage 
devices. 
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